Introduction
In the gray matter ofrodent forebrain, carbonic anhydrase and glutamine synthetase are frequently observed together in the same astrocytes, particularly in the cerebral cortex and hippocampus (e.g., Cammer and Tansey, 1988a,b) . On considering how these enzymes might together serve a particular function(s), the possibility arose that they might provide the substrates, glutamine and bicarbonate, for the carbamyl phosphate synthetase II (CPS II) reaction, which is the first, the least rapid, and therefore probably the rate-limiting step in the de novo synthesis of pyrimidines (Gros and Dodgson, 1988; Jones, 1980) . The requirement of high concentrations of glutamine and bicarbonate for optimal rates ofCPS II (4-40 mM of each) (Kaseman and Meister, 1985; Lyons and Ch.ristophenson, 1985) also suggested the hypothesis that CPS II might be in the same type of cells as the enzymes that generate these substrates. Because of the wellknown instability of CPS II (Jones, 1980; 1 tibana and Sigesada, 1972) , immunocytochemical methods appeared to be more promising than cell isolation and enzyme assay for examining the cellular locus (or loci) of this enzyme.
That is, CPS II activity would be unlikely to survive the rather lengthy procedure for isolation :1 e 696 CAMMER, DOWNING Belgium). The animals used were Wistar rats from our own colony and outbred hamsters from a local vendor. In both species, preliminary experiments showed more CAD immunofluorescence in animals <3 weeks old than in adults. Salts and buffers were purchased from Sigma (St Louis, MO). Before staining of the sections with silver-enhanced streptavidin-gold,
2.5-
week-old rats were anesthetized and perfused through the heart with 2.5% glutaraldehyde in PBS. Pieces of brain were post-fixed for 5 hr in the same solution, and sections 30-50 tm thick were prepared on the vibratome.
Sections
were stained, through the biotinylated anti-rabbit IgG step, as described (l#{224}nsey et al., 1988) . After washing off this second antibody, we incubated the sections in immunogold-streptavidin at 1:40 for 1 hr. After washes with PBS, the sections were fixed for 15 mm in 2% glutaraldehyde, washed again, and silver-enhanced as described in the instructions from )anssen. The silver solution was allowed to develop for 7-9 mm in the dark, and then sections were washed, dehydrated, and mounted. Normal rabbit serum controls were run in parallel during each experiment. The methods for preparation and immunofluorescence staining of paraffin sections have been described (Cammer and Tansey, 1988a) . Before preparation ofvibratome sections for immunofluorescence staining, "-'2.5week-old rats or weanling hamsters were anesthetized with sodium pentobarbital and perfused through the heart with a periodate-lysine.-paraformaldehyde fixative prepared by the method ofMcLean and Nalcane (1974) and modified by mixing the periodate-lysine and paraformaldehyde at 1:1
(v:v) "1:1 PLP" rather than 5:1 (v:v). Brains were dissected and pieces several millimeters thick were post-fixed in the same solution overnight at 4'C. The vibratome was used to prepare sections "'50 pam thick, which in turn were immunostained by the same method described for paraffin sections (Cammer and Tansey, 1988a) . Silver-stained sections were viewed and photographed through a Nikon Labophot microscope, and fluorescent slides were viewed and photographed through a Nikon Optiphot microscope with fluorescence attachment and filters for rhodamine and Flit.
Results
Immunostaining of normal rat brain with the anti-CAD and the avidin-biotin or penoxidase-anti-peroxidase methods was extremely weak; therefore, silver-enhanced streptavidin-gold was used to provide greater sensitivity. To further identify the astrocyte-like cells, double immunofluorescence staining was performed in vibratome sections. Tissue 5cctions were incubated with anti-CAD and also anti-GFAP. The latter is a reliable marker for astro#{231}ytes (Dahl et al., 1986) . The cells that were CAD positive ( Figure  2a ) were also GFAP positive (Figune 2b) (arrows), and the cell bodies and proximal regions of processes were CAD positive (arrows in Figures  2a and 2b) , whereas only the processes on many of the same cells were GFAP positive ( Figure  2b) . Figures  2c and 2d show a field stained with normal rabbit serum and anti-GFAP.
In the gliotic brains ofmutant rats ( Figure  3) , somewhat more intense staining was observed in many large astrocytes (arrowheads in Figures  3a-3f) . As in the normal brain, anti-CAD stained the astrocyte cell bodies more uniformly than did anti-GFAP (arrowheads in Figures  3c and 3d) . The arrows in Figures  3c and 3d point to CAD-positive astrocyte end-feet around a blood vessel. Not all GFAP-positive astrocytes showed CAD immunofluorescence. CAD may be absent from some astrocytes or may be present in them at levels too low to detect immunocytochemically. Qualitatively, more CAD staining appeared to occur in protoplasmic and reaciive astrocytes than in fibrous astrocytes.
To optimize the conditions for detecting other CAD-positive cells, if any, the brains of weanling hamsters were also examined, in view ofthe use ofCAD from that species as immunogen (Chaparian and Evans, 1988) . In the hamster brains astrocytes stained very intensely for CAD. In Figure  4 staining is shown in astrocytes in white matter (Figure 4a ) and gray matter (Figure 4b ), in Bergmann glia in the cerebellum ( Figure  4d ), and in tanycytes lining the third ventricle (Figure 4e ). Double immunofluorescence in hamster brain was prevented by inability of the antibodies against GFAP to react with the hamster tissue. When staining methods that utilize horseradish peroxidase and 3,3'-diaminobenzidine were attempted, no CAD immunostaining was observed in either species, regardless offixation method (our unpublished data). However, the data obtamed with silver-enhanced streptavidin-gold and immunofluorescence were consistent with one another in the rat, and in the hamster the intense fluorescent staining obviated the use of the streptavidin-gold and silver.
Discussion
The data described above show that in both rat and hamster brains CAD is localized in astrocytes and, in the latter species, also in two specialized types ofastrocytes, the Bergmann glia (Sturrock, 1986) and the tanycytes (Dahl et al., 1986) . Staining in astrocytes was much weaker in rat brain than in hamster brain, probably because the antibody was directed against hamster CAD. It is also possible that developmental differences may account, at least in part, for the differences in staining intensity. CAD was also observed in reactive astrocytes in a rat mutant. Because the anti-CAD stains hamster more intensely than rat, and because animals were used at differem stages ofdevelopment, it is quite possible that CAD is present in Bergmann glia and tanycytes in rat although not detected here.
In white matter of rodent brains the oligodendrocytes are the major locus of carbonic anhydrase and are also a minor locus of glutamine synthetase (Cammer, 1990) . Therefore, the astrocytes are not the only glial cell type in which both bicarbonate and glutamine are generated. However, CAD-positive staining was observed only in astnocytes, Bergmann glia, and tanycytes, and not in oligodendrocytes in gray or white matter from young or adult The astrocyte as a locus of carbonic anhy-
